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 Gerbera jamesonii Bolus is one of the most popular ornamental plants worldwide 

and its micrpropgation allows to produce a large number of true to type plants with 

good quality in a short time. In vitro propagation of gerbera requires culture media 

supplemented with specific concentrations of minerals, organic supplements and 

energy sources. The aim of this study was to determine suitable culture medium and 

evaluate different concentrations of sucrose and Naphtalic Acetic Acid (NAA) for 

in vitro development of gerbera explants. Micro shoots of two gerbera cultivars 

(Artist and Brilliance) were cultured on four different culture media and the effect 

of various concentrations of sucrose (20 and 30 g L
-1

) as well as MgSO4.7H2O and 

CaCl2.2H2O (0.5X, 1X and 1.5X) on in vitro propagation properties were 

examined. MS medium provided better shoot development and application of lower 

concentration of sucrose improved the efficiency of gerbera micropropagation. In 

Artist cultivar, the highest number of shoots was obtained by using 20 g L
-1 

of 

sucrose and with or without NAA application (9.08 micro shoots per explant). In 

contrast, Brilliance produced the highest number of shoots by using 20 g L
-1 

of 

sucrose and 0.1 mg L
-1 

of NAA (7.4 micro shoots per explant). In addition, the 

increase or decrease of MgSO4.7H2O and CaCl2.2H2O did not change propagation 

efficiency. The results can contribute to optimize bioreactor systems for large-scale 

production. 
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1. Introduction 

Gerbera (Gerbera jamesonii Bolus ex. Hooker 

F.), also known as Transvaal daisy or Barberton 

Daisy, is one of the important commercial cut 

flowers in global flower business. It has a wide 

range of attractive flower colors which makes it a 

more valuable ornamental species. Colors include 

white, yellow, orange, red, and pink. They vary 

greatly in shape and size. Gerbera is widely and 

commercially produced by the floral industry 

both as cut flower and potted plant. The flowers 

are hardy and can withstand vigorous 

transportation. It stands among the top ten cut 

flowers of the world (Sujatha et al., 2002). 
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Gerbera is propagated by means of seeds, 

cuttings of clumps with buds and from tissue 

cultured plants. For commercial cultivation under 

protected environment, seedlings developed by 

tissue culture technique are preferred to 

traditional propagation. Traditional propagation 

methods are too slow with low efficiency due to 

soil-borne diseases by transmitting to new 

propagated plants. Tissue culture enables a 

million-fold expansions per year of a desired 

plant (Aswath & Choudhary, 2002). 

Different explants (shoot tips (Shabanpour et 

al., 2011), young leaves (Bhatt et al., 2015), 

petioles (Kumar & Kanwar, 2006) and petals 

(Ray et al., 2005) were selected and cultured on a 

specific culture medium containing different 

plant growth regulators. Micropropagation 

efficiency is affected by various factors such as 

the number of the regenerated micro shoots per 

explant, the length of micro shoots, the quality of 

micro shoots, root number and length per explant. 

Culture medium is one of the most important 

factors affecting the productivity of the tissue 

culture protocol. The medium contains a mixture 

of macronutrients, micronutrients, vitamins, and 

plant growth regulators such as auxins and 

cytokinins that are essential for the growth and 

development of plant cells and tissues under in 

vitro culture conditions. Murashige and Skoog 

medium (MS) (Murashige & Skoog, 1962) is the 

most commonly used for micropropagtion of 

gerbera as well as a wide range of plant species, 

including ornamental plants, fruit trees, and 

vegetables. Optimization of the growth medium 

based on the minerals, energy sources and growth 

regulators, is very challenging due to different 

requirements of various plants. Sucrose is carbon 

source in the culture medium. Its optimum 

concentration can affect the induction and growth 

of the shoots. Sucrose concentration of 2% and 

3% are the most commonly carbohydrate source 

in plant tissue culture. Sucrose induces auxin 

levels in a phytochrome-interacting factors 

dependent way and contributes to auxin transport 

and signal transduction (Zahara et al., 2017). 

Moreover, it more efficiently affects root 

induction compared to glucose and fructose alone 

(Lastdrager et al., 2014). 

Magnesium is an essential atom for chlorophyll 

pigments and plays important role in the transfer 

of phosphate. Calcium is involved in in vitro 

morphogenesis and its deficiency leads to shoot 

tip necrosis, poor root growth and curling leaves 

(George et al., 2008).  

In this study, we studied the effects of various 

media culture, MgSO4.7H2O and CaCl2.2H2O and 

sucrose concentrations on micropropagation 

efficacy of two gerbera varieties to improve 

commercial production.   

2. Material and methods 

2.1 Explant preparation and sterilization 

Young and immature capitulum explants of two 

Gerbera jamesonii cultivars (Brilliance and artist) 

were washed under tap water for 30 minutes and 

then immersed in 70% alcohol for one minute 

followed by thorough washing three times using 

sterilized distilled water. For final surface 

sterilization, explants were immersed in 20% 

commercial bleach with 0.01% Tween-20 for 20 

minutes followed by washing for three times 

using sterilized distilled water. 

Sterilized explants were cut into three pieces 

and were cultured on establishment culture 

medium. Cultures were kept in growth chamber 

with 25°C with a 16 hr photoperiod with cool 

white fluorescent bulbs (PPFD = 35 µmol m
-2

 s
-1

) 

and 8 hr darkness. After two months, regenerated 

shoots were transferred to multiplication medium. 

Regenerated shoots were used for next 

experiments. 

2.2 Experiments 

The objective of the first experiment was to 

study the effects of four various culture media on 

in vitro multiplication parameters of two gerbera 

varieties. Three culture media including MS 

(Medium 1), MS supplemented with 128.4 mg L
-1 

 

NaH2PO4 (Medium 2), MS supplemented with 

0.5 mg L
-1  

thiamine, 0.05 mg L
-1 

biotin, 0.5 mg 

L
-1 

folic acid and 5 mg L
-1 

nicotinic acid (Medium 

3 and MS supplemented with 0.1 mg L
-1 

MnSO4.4H2O, 0.1 mg L
-1 

H3BO3 and 0.1 mg L
-1 
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ZnSO4.7H2O (Medium 4) were evaluated. Each 

culture medium was supplemented with 0.5 mg L
-

1
 6-benzyladenine (BA) and 0.1 mg L

-1 
naphtalic 

acetic acid (NAA) and 30 g L
-1 

sucrose.  

The aim of the second experiment was to 

evaluate the effect of low level of sucrose 

concentration in presence or absence of NAA on 

in vitro propagation parameters of Gerbera. 

Therefore, MS medium was selected as the basal 

culture medium and supplemented with 30 and 20 

g L
-1 

of sucrose in combination with 0 and 0.1 mg 

L
-1

 of NAA. All the treatments contained 0.5 mg 

L
-1 

BA. 

In the third experiment, we analysed the effect 

of three various concentrations (0.5X, 1X and 

1.5X) of MgSO4.7H2O and CaCl2.2H2O (salts) on 

in vitro propagation parameters of Gerbera. The 

basal medium was MS and three treatments 

included 220 mg L
-1 

CaCl2.2H2O and 185 mg L
-1

 

MgSO4.7H2O (T1), 440 mg L
-1 

CaCl2.2H2O and 

370 mg L
-1

 MgSO4.7H2O (T2) and 660 mg L
-1 

CaCl2.2H2O and 555 mg L
-1

 MgSO4.7H2O (T3). 

All the treatments contained 0.5 mg L
-1 

BA, 0.1 

mg L
-1 

NAA and 30 g L
-1 

sucrose. 

The pH of all media was
 
adjusted at 5.7. One 

liter of culture medium was solidified with 0.7% 

agar and autoclaved at 121°C for 30 minutes. 

Each treatment was included four jars and each 

jar was considered as a replicate. Three shoots 

were cultured in each jar. After four weeks, the 

number of shoots per explant, shoot length, 

number of roots per explant and root length were 

recorded. Experiments were organized as a 

completely randomized design and data from the 

experiments were subjected to analysis of 

variance using SAS 9.4 software. 

3. Results and Discussion 

Data analysis of the first experiment showed 

culture medium×cultivar significantly affected 

shoot number (Fig 1). However, shoot length was 

significantly affected by cultivar and culture 

medium effect. As a result, shoot length 

decreased by using MS medium (2.7 cm) and 

Artist produced longer shoots than Brilliance (3.5 

cm and 2.6 cm, respectively). Based on the 

results, MS medium was the appropriate culture 

medium. MS is the common culture medium 

which is used for micropropagation of Gerbera 

(Akter et al., 2022; da Silva et al., 2020). Our 

analyses indicated that application of higher 

levels of vitamins or micronutrients did not 

improved micropropagation efficiency. 

 

Figure 1: Comparison of the mean number of the shoots 

regenerated in explants of gerbera cultured in vitro on four 

different culture mediums supplemented with 0.5 mg L
-1 

BA.  

 

In the second experiment, statistical analysis of 

shoot number data indicated that the single effect 

of sucrose and the triple interaction effect among 

cultivar, NAA and sucrose 

(cultivar×NAA×sucrose) were significant at 1% 

probability level. As a result, 2% sucrose 

increased the number of regenerated shoots per 

explant in both cultivars compared to 3% sucrose 

concentration (Fig 2). According to Fig 3 and 4, 

in Artist, the greatest number of shoots (9.08) 

were produced in MS medium supplemented with 

0 mg L
-1 

NAA and 2% sucrose. However, in 

Brilliance, the greatest number of shoots were 

produced in MS medium supplemented with 0 or 

0.1 mg L
-1 

NAA and 2% sucrose (7.4) or with 0 

mg L
-1 

NAA and 3% sucrose (6.87).  
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Figure 2: The effect of different concentrations of sucrose 

(20 and 30 g L-1) on mean number of the shoots 

regenerated in explants of gerbera cultured in vitro on MS 

medium supplemented with 0.5 mg L-1 BA.  

 

Figure 3: Mean number of the shoots regenerated in 

explants of two gerbera varieties cultured in vitro on MS 

medium supplemented with different concentrations of 

sucrose (20 and 30 g L
-1

) and NAA (0 and 0.1 mg L
-1

).  

 

 

Figure 4: In vitro propagation of Gerbera jamesonii var. 

Artist (Left) and Brilliance (right). 

 

Previous studies reported high number of 

produced shoots using MS medium but high 

concentrations of BA (2-7 mg L
-1

) (Akter et al., 

2022; Gantait & Mahanta, 2022; Talla et al., 

2019). Although high levels of BA produce a 

greater number of shoots, there is no information 

about the quality of regenerated shoots during 

next multiplication stages because high levels of 

BA cause vitrification which significantly 

reduces the survival rate of the plantlets during 

adaptation procedure. In Blackberry, the higher 

number of shoots was produced by using 1.5% of 

sucrose (Ayub et al., 2019). 

Shoot length was also significantly affected by 

sucrose concentration. Higher level of sucrose 

increased shoot length in both varieties (Fig 5). 

According to the results, root number and root 

length were significantly affected the triple 

interaction among cultivar, NAA and sucrose. 

High level sucrose significantly increased the 

length of the roots in both varieties (Fig 6 and 7). 

In accordance with our results, increase of 

sucrose produced longer shoots with longer roots 

in Hylocereus polyrhizus (Ng et al., 2020). Abbas 

et al also reported that increase of sucrose up to 

9% increased root and shoot length in in vitro 

culture of potato (Abbas et al., 2020). Sucrose 

induces auxin in plants (Lastdrager et al., 2014). 

In wild-type seedlings of Arabidopsis, increasing 

exogenous sucrose increased lateral root 

formation and primary root elongation (Fukaki et 

al., 2007; Lee-Ho et al., 2007).  

Figure 5: The effect of different concentrations of sucrose 

(20 and 30 g L
-1

) on mean length of the shoots regenerated 

in explants of gerbera cultured in vitro on MS medium 

supplemented with 0.5 mg L
-1 

BA. 
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Figure 6: Mean number of the roots regenerated in 

explants of two gerbera varieties cultured in vitro on MS 

medium supplemented with different concentrations of 

sucrose (20 and 30 g L
-1

) and NAA (0 and 0.1 mg L
-1

).  

 

Figure 7: Mean number of the roots regenerated in 

explants of two gerbera varieties cultured in vitro on MS 

medium supplemented with different concentrations of 

sucrose (20 and 30 g L
-1

) and NAA (0 and 0.1 mg L
-1

).  

 

Data analysis of the third experiment indicated 

that shoot number, root number and root length 

were significantly influenced by only cultivar 

effect and the increase or decrease of 

MgSO4.7H2O and CaCl2.2H2O levels did not 

changed those parameters (Table 1). As a result, 

Artist and Brilliance produced 5.58 and 6.46 

shoots per explant respectively. The mean 

number of produced roots per explant was 1.6 in 

Artist and 2.4 in Brilliance. Artist produced 

longer roots than Brilliance (3.93 cm vs 3.35 cm). 

However, shoot length was affected by two single 

effects: cultivar and salt level. Artist produced 

longer shoots than Brilliance (3.21 cm vs 2.95 

cm). As a result, 1X (T2) and 1.5X (T3) of salts 

increased shoot length (3.13 cm and 3.33 cm, 

respectively) but shoot length was decreased by 

using 0.5X of salts (2.76 cm). In tissue culture of 

melon, the highest level of magnesium occurred 

in direct somatic embryogenic cultures and the 

lowest level in callus cultures (Kintzios et al., 

2004). Chloride toxicity happens when large 

quantities of calcium chloride are added to the 

culture medium and sometimes hyperhydricity 

occurs after several subcultures. Our results 

indicated that reduction of MgSO4.7H2O and 

CaCl2.2H2O levels did not affect propagation 

efficiency (George et al., 2008).  

 

Table 1: Analysis of variance of the effect of three 

MgSO4.7H2O and CaCl2.2H2O levels on shoot number, 

shoot length, root number and root length of two gerbera 

varieties. 
T

ra
it

 S
o

u
rc

e
 

D
F

 M
ea

n
 

S
q

u
a

re
 F
 V

a
lu

e
 

P
r 

>
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shoot 

number 
variety 1 0.51 0.15 0.0426 

 
mesos 2 12.85 3.8 0.0581 

 

variety

×mesos 
2 4.01 1.19 0.3344 

shoot 

length 
variety 1 0.49 1.86 0.0445 

 
mesos 2 1.15 4.3 0.0451 

 

variety

×mesos 
2 0.65 2.43 0.1244 

root 

length 
variety 1 0.35 0.23 0.0377 

 
mesos 2 6.34 4.24 0.0562 

 

variety

×mesos 
2 0.304 0.2 0.8182 

root 

number 
variety 1 0.32 1.32 0.0495 

 
mesos 2 2.75 11.35 0.0512 

 

variety

×mesos 
2 0.48 1.97 0.1764 

 

4. Conclusion 

Optimizing sucrose and mineral concentrations 

for improving growth and development has been 

studied in many plant species. High levels of 
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sucrose and minerals in the culture medium are of 

the main causes of hyperhydricity as well as low 

rate of in vitro propagation of many herbal plants 

such as Gerbera jamesonii. In the current study, 

we demonstrated that 2% of sucrose in MS 

medium, promoted shoot multiplication and 

induced shoot regeneration. In addition, the 

reduction of calcium and magnesium did not 

affect the efficiency of gerbera micropropagation. 

These results are supposed to have significant 

contribution for more understanding about tissue 

culture of Gerbera by using bioreactor systems. 

Also, we propose further studies needs to be 

taken in account to obtain optimal concentrations 

of other macro nutrients for shoot multiplication 

of gerbera in solid and liquid culture media. 

Author contribution 

Conflict of interest 

The authors declare no conflict of interest  

Acknowledgment 

Not Applicable. 

Ethical approval 

This article does not contain any studies with 

human participants or animals performed by any 

of the authors. 

Open access 

This article distributed under the terms of the 

Creative Commons Attribution License which 

permits unrestricted use, distribution, and 

reproduction in any medium, provided the 

original work is properly cited. 

Funding 

Not Applicable. 

References 

[1] Abbas, W., Joyia, F. A., Mustafa, G., Ali, M. A., & 

Ashraf, M. Y. (2020). Sucrose-induced enhancement of 

nitrate reductase activity promotes in vitro growth of 

potato. Pakistan Journal of Agricultural Sciences, 57(4). 

DOI: 10.21162/PAKJAS/20.9061 

[2] Akter, N., Sarkar, S., Hasan, N., Rahman, S. M., & 

Sarkar, M. A. R. (2022). Development of In vitro Mass 

Propagation Protocol for Gerbera (Gerbera jamesonii 

Bolus) var. Orange. Plant Tissue Culture and 

Biotechnology, 32(2), 217–226. DOI: 

https://doi.org/10.3329/ptcb.v32i2.63555 

[3] Aswath, C., & Choudhary, M. L. (2002). Mass 

propagation of gerbera (Gerbera jamesonii) through shoot 

culture. Indian Journal of Horticulture, 59(1), 95–99.  

[4] Ayub, R. A., Santos, J. N. dos, Zanlorensi Junior, L. A., 

Silva, D. M. da, Carvalho, T. C. de, & Grimaldi, F. (2019). 

Sucrose concentration and volume of liquid medium on the 

in vitro growth and development of blackberry cv. Tupy in 

temporary immersion systems. Ciência e Agrotecnologia, 

43, e007219. 

[5] Bhatt, D., Tripathi, M. K., Singh, L., Gurjar, P. K. S., 

Barholia, A. K., Jatav, R., & Vasure, N. (2015). In vitro 

morphogenesis studies in gerbera jamesonii bolus ex 

hooker F. International Journal of Bioresource Science, 

2(3), 195–204. DOI: 10.5958/2454-9541.2015.00016.X 

[6] da Silva, D. P. C., de Oliveira Paiva, P. D., Herrera, R. 

C., Porto, J. M. P., dos Reis, M. V., & Paiva, R. (2020). 

Effectiveness of silicon sources for in vitro development of 

gerbera. Plant Cell, Tissue and Organ Culture (PCTOC), 

141, 77–85. DOI: 10.1007/s11240-020-01768-8 

[7] Fukaki, H., Okushima, Y., & Tasaka, M. (2007). 

Auxin‐ mediated lateral root formation in higher plants. 

International Review of Cytology, 256, 111–137. DOI: 

10.1016/S0074-7696(07)56004-3 

[8] Gantait, S., & Mahanta, M. (2022). Hyperhydricity-

induced changes among in vitro regenerants of gerbera. 

South African Journal of Botany, 149, 496–501. 

ttps://doi.org/10.1016/j.sajb.2022.06.038 

[9] George, E. F., Hall, M. A., & Klerk, G.-J. De. (2008). 

The components of plant tissue culture media I: macro-and 

micro-nutrients. In Plant Propagation by Tissue Culture: 

Volume 1. The Background (pp. 65–113). Springer. DOI: 

10.1007/978-1-4020-5005-3_3 

[10] Kintzios, S., Stavropoulou, E. R., & Skamneli, S. 

(2004). Accumulation of selected macronutrients and 

carbohydrates in melon tissue cultures: association with 

pathways of in vitro dedifferentiation and differentiation 

(organogenesis, somatic embryogenesis). Plant Science, 

167(3), 655–664. DOI: 10.1016/j.plantsci.2004.05.021 

[11] Kumar, S., & Kanwar, J. K. (2006). Regeneration 

ability of petiole, leaf and petal explants in gerbera cut 

flower cultures in vitro. Folia Horticulturae, 18(2), 57–64. 

[12] Lastdrager, J., Hanson, J., & Smeekens, S. (2014). 

Sugar signals and the control of plant growth and 

development. Journal of Experimental Botany, 65(3), 799–

807. DOI: 10.1093/jxb/ert474 

[13] Lee-Ho, E., Walton, L. J., Reid, D. M., Yeung, E. C., 

& Kurepin, L. V. (2007). Effects of elevated carbon dioxide 

and sucrose concentrations on Arabidopsis thaliana root 

architecture and anatomy. Botany, 85(3), 324–330. DOI: 

10.1139/B07-009 

http://dx.doi.org/10.5958/2454-9541.2015.00016.X
https://doi.org/10.1016/S0074-7696(07)56004-3
https://doi.org/10.1016/S0074-7696(07)56004-3
https://doi.org/10.1016/j.plantsci.2004.05.021
https://doi.org/10.1093/jxb/ert474
https://doi.org/10.1139/B07-009
https://doi.org/10.1139/B07-009


M. Fayeghi Mohammadi et al. / Microbiology, Metabolites and Biotechnology 6 (2023) 46-52                     52 

 

[14] 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 

[15] Ng, Z. C., Tan, S. H., Mahmud, S. H. R. S., & Ma, N. 

L. (2020). Preliminary study on micropropagation of 

Hylocereus polyrhizus with waste coconut water and 

sucrose. Materials Science Forum, 981, 316–321. DOI: 

10.4028/www.scientific.net/MSF.981.316 

[16] Ray, T., Saha, P., & Roy, S. C. (2005). In vitro plant 

regeneration from young capitulum explants of Gerbera 

jamesonii. Plant Cell Biotechnology and Molecular 

Biology, 35–40. 

[17] Shabanpour, K. A. A., Sharifi, A., Bagheri, A., & 

Moshtaghi, N. (2011). Effect of genotypes and culture 

medium on shoot regeneration and proliferation of Gerbera 

jamesonii. African Journal of Biotechnology, 10(57), 

12211–12217. 

[18] Sujatha, K., Gowda, J. V. N., & Khan, M. M. (2002). 

Effects of different fertigation levels on gerbera under low 

cost greenhouse. Journal of Ornamental Horticulture, 5(1), 

54–59. 

[19] Talla, S. K., Madam, E., Manga, S., Aileni, M., & 

Mamidala, P. (2019). Efficient TDZ-induced regeneration 

from capitulum explants of Gerbera jamesonii Bolus ex 

Hooker F.-an ornamental plant with high aesthetic value. 

Plant Biosystems-An International Journal Dealing with All 

Aspects of Plant Biology, 153(5), 679–685. DOI: 

10.1080/11263504.2018.1539040 

[20] Zahara, M., Datta, A., Boonkorkaew, P., & Mishra, A. 

(2017). The effects of different media, sucrose 

concentrations and natural additives on plantlet growth of 

Phalaenopsis hybrid’Pink’. Brazilian Archives of Biology 

and Technology, 60. 

 

 

 

https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.4028/www.scientific.net/MSF.981.316
https://doi.org/10.1080/11263504.2018.1539040
https://doi.org/10.1080/11263504.2018.1539040

