
IOSR Journal of Agriculture and Veterinary Science (IOSR-JAVS) 

e-ISSN: 2319-2380, p-ISSN: 2319-2372. Volume 14, Issue 6 Ser. II (June 2021), PP 01-07 
www.iosrjournals.org 

DOI: 10.9790/2380-1406020107                            www.iosrjournals.org                                                   1 | Page 

 

Growth Response of Five Cultivars Stevia (Stevia rebaudiana 

Bertoni) Using Commercial Fertilizers as Basic Media In Vitro 
 

Eka Darma Gati, Suseno Amien, Noladhi Wicaksana  
Department of Agronomy, Faculty of Agriculture, Padjadjaran University, Indonesia 

Jln. Raya Jatinangor Km 21, Sumedang, West Java, Indonesia 45363  

 

Abstract:  
Background: Conventional propagation of seedling stevia is limited by parent material. Propagation by seeds 

that are difficult due to low of germination rate. Propagation through tissue culture can be applied as an 

alternative for propagation stevia and can produce last of seedling and in short-time in suitable media. 

Generaly, culture media is quite expensive, so it is necessary to find an alternative types of culture media. This 

study aimed to evaluate the growth response of five stevia cultivars on culture media containing commercial 

fertilizers. 
Materials and Methods: A Randomized Block Design (RBD) was used in this experiment with two factors and 

replicated three times. The first factor consisted of  five culture media DKW, MS, AB Mix, Grandasil, and 

Growmore. The second factor consisted of Stevia cultivars i.e. Kanada, Bogor, Garut, Tawangmangu, and 

Pengalengan. 
Results and Conclusion: The result showed that the best responses to the character number of shoots (28.9 

shoots), shoot height (10.47 cm), and number of leaves (136.6 leaves) were obtained on DKW medium 

compared to MS, AB Mix, Grandasil D, and Growmore medium. The commercial fertilizer (AB Mix, Grandasil 

D, and Growmore) can be used as basic medium in vitro. All cultivar have same responses in number of shoots, 

shoot height, and number of leaves on all medium.  
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I. Introduction  
Public health awareness continues to increase by consuming healthy food ingredients such as natural 

sweeteners derived from stevia. The International Association for Stevia Research (2004) has stated an 

increasing trend in the consumption of sweeteners made from stevia in various parts of Asia, followed by 

Europe and America. Reports and Data (2020) have stated that stevia's global market value will increase from $ 

578,64 million in 2019 to $ 1.010,77 million in 2027, or an increase of 8%. Following Imarc Group (2021), the 

stevia market will increase from $ 590 million in 2020 to $ 900 million in 2025 in all stevia derivative products 

such as sweeteners and antioxidants.  
In Indonesia, sweeteners need is very high compared to national production, so the Indonesian 

government imported from other countries. According to the Director-General of Agro-Industry of the Ministry 

of Industry Indonesia (Ramli, 2020), the national sugar production is around 2.1 million tons, much smaller than 

the national demand of about 5,8 tons, so it is necessary to import approximately 3.7 million tons. The Central 

Statistics Agency or BPS (2018) states that it predicted that the national sugar demand would continue to 

experience an increase in the deficit in the following years. Stevia can be an alternative substitute for sugar cane 

sweeteners to meet national needs. However, stevia's cultivation and development in Indonesia are still very 

limited, so it needs research and innovation on this plant. 

Conventional propagation of stevia (cuttings and seeds) has several obstacles to undertaking on a large 

scale. According to Djajadi (2013), the limited number of seeds is one of the stevia cultivation obstacles because 

it is through propagation through cuttings. Meanwhile, seed propagation is complicated because the seeds 

produced are difficult to germinate, making it difficult to implement on an industrial scale (Mishra et al.,  2010). 
Tissue culture technology can be an alternative to produce large numbers of seeds in a relatively short time, 

disease-free, uniform, and identical to its parents (Tamura et al., 1984; Singh, 2015). One stevia tissue culture 

method that can be developed is the multiplication of stevia shoots and roots (Huda et al., 2007). The growth 

and development of stevia greatly influence several factors, namely plant growth regulators (PGR), the media, 

and the explants used. IAA and BA respectively are a type of auxin and cytokinin that can induce shoot and 

stevia's root growth. A study conducted by Aziz and Al-Taweel (2019) reported that IAA at low concentrations 
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could cause more than 80% roots. A study conducted by the Pusat Penelitian dan Pengembangan Perkebunan 

(2015) said that BA could trigger stevia shoots.  

Another factor that influences the development of stevia culture is the culture media. The media 
contains several essential components such as macronutrients, micronutrients, vitamins, PGR, carbon sources, 

organic substances, and compacting substances that significantly influence the success of culture (Priyadarshan, 

2019). Some culture media that are often used in tissue culture research include (Murashige and Skoog, 1962), 

Woody Plant (WPM) (Lloyd and McCown, 1980), Driver Kuniyuki Walnut (DKW) (Driver and Kuniyuki, 

1984), and several other media. Hafiizh and Ermayanti (2019) have stated that DKW media can provide a very 

good response compared to MS, Chu (N6) media (Chu et al., 1975), and WPM because it contains certain higher 

macro and micronutrients and is equipped with higher vitamins. However, culture media is generally quite 

expensive, so it is necessary to find economical alternative types of culture media. 

One of the nutrient sources of culture media can come from commercial inorganic fertilizers. Several 

types of commercial inorganic fertilizers that are often used are Growmore, Grandasil D, and AB Mix. These 

commercial fertilizers have been widely researched and can respond to cultures including potatoes (Nuraini et 
al., 2014), bananas (Prabowo et al., 2018), Dendrobium and Cattleya orchids (Hardianti and Lita, 2019), and 

various other plants. However, few attempts to see the response to the growth and development of explants on 

alternative culture media, so research is needed research on this subject. This study aims to determine the stevia 

culture's response to various stevia cultivars and culture media. 

 

II. Material And Methods  
This experiment was carried out at the Tissue Culture Technology Laboratory, Faculty of Agriculture, 

Padjadjaran University, Indonesia which was held in August - December 2020.  

Study Design: The experiment used an experimental method with a factorial randomized block design (RBD) 
consisting of two factors. 

Study Location: Tissue Culture Technology Laboratory, Faculty of Agriculture, Padjadjaran University, 

Indonesia (Jalan Raya Jatinangor, Jatinangor District, Sumedang Regency, West Java Province, Indonesia) 

 Study Duration: August - December 2020. 

Sample size: 75 samples. 

Sample size calculation: This experiment consisted of a treatment combination of 5 media and 5 cultivars of 

stevia with 3 repetitions so that 75 samples were observed. 

Subjects & selection method: The first treatment was 5 culture media consisting of DKW, MS, AB Mix, 

Growmore (32-10-10), and Grandasil D (20-15-15). The second treatment was 5 cultivars of stevia consisting of 

Kanada, Bogor, Garut, Tawangmangu, and Pengalengan. 

 

Procedure methodology 
This research was conducted in several stages, namely: 

1. Preparation of tools and materials. The tool to be used is sterilized using an autoclave at a temperature of 

121 oC with a pressure of 1 atm for 20 minutes. The materials to be used are prepared by making stock 

solutions to make it easier for smaller dosing on DKW, MS, and AB Mix media. 

2. Making culture media. The available stock media (DKW and MS) were dissolved with distilled water with 

30 g / l added sugar and an additional 1.5 ppm BA and 0.15 ppm IAA. While AB Mix media was 

formulated by taking 5 ml each from stock A and B as well as additional vitamin DKW, 30 g / l sugar, and 

PGR substance (BA 1.5 ppm and IAA 0.15 ppm). Growmore and Grandasil D media were formulated by 

taking 1 g / l plus vitamin DKW, sugar 30 g / l, and PGR substance (BA 1.5 ppm and IAA 0.15 ppm). All 

media are conditioned at pH 5.7-5.8. The finished culture media is poured into a jam bottle as much as 40 

ml/bottle. The cutlery media was sterilized using an autoclave at a temperature of 121 oC at a pressure of 1 
atm for 20 minutes. 

3. Explant planting. Sterile culture medium was planted with explants of stevia shoots with 1 cm explant 

length in the LAF. The bottles planted with explants are closed using plastic warping and secured with 

rubber.  

 

Observation characters include: 

1. The number of shoots per bottle was measured every week up to 8 weeks after planting. 

2. Shoot height (cm) was measured after 8 weeks. 

3. The number of leaves per bottle is counted after 8 weeks. 

 

Statistical analysis  

Data were analyzed using JMP Pro SAS version 14 (SAS Institute Inc.). The data that has been 
collected will be analyzed through analysis of variance (ANOVA) with a confidence level of 95% (α = 5%). 



Growth Response of Five Cultivars Stevia (Stevia rebaudiana Bertoni) Using .. 

DOI: 10.9790/2380-1406020107                            www.iosrjournals.org                                                   3 | Page 

III. Result  
Number of Shoots 

The number of shoots is one of the main characters to determine the response to growth and stevia 

multiplication development. Based on the results of the analysis of variance (ANOVA) in Table 1, it shows that 

the treatment of culture media with very significant criteria (α = 1%) and does not differ significantly in stevia 

treatment cultivars, and there is no interaction between media and stevia cultivars. 

 

Table no 1: ANOVA of shoot number at 8 weeks after planting.    
Source DF Mean Square F P value 

Media (M) 4 1949.347 20.304 0.0001** 

Stevia cultivars (K) 4 169.513 1.766 0.151
ns

 

M*K 16 96.097 1.001 0.472
ns

 

Replication (R) 2 8.44 0.088 0.916
ns

 

Error 48 96.009   

Total 75    

Note: *: Significantly different at the level of α = 5% 

**: Significantly different at the level of α = 1% 

ns: Not significantly different at the level of α = 5% 

 

The Tukey HSD test in Table 2 shows that the best response to the number of shoots on the eight 

weeks after planting the DKW culture medium (28.93 shoots) was significantly different in all other media 

treatments. DKW media is thought to be very suitable for stevia shoot multiplication because it can produce 

quite many shoots compared to other media. Figure 1 shows that the highest number of shoots at 1 to 8 weeks 

was found on DKW media. Ajijah reported that DKW media is recommended for primary callus and somatic 

embryo formation in cocoa because it contains high levels of various nutrients21. A study conducted by Hafiizh 

and Ermayanti16 that DKW medium gave a better response to the number of shoots due to the higher content of 

nickel (Ni) and nutrient content of Zn and Cu so it is thought to be a factor that triggers more shoot formation 

than WPM, MS, and Chu (N6) media.. 
 

Table no 2: The average number of shoots in the treatment of media types and stevia cultivars after 8 weeks 

after planting.    
Media No. of Shoot 

MS 13.67b 

DKW 28.93a 

AB Mix 7.87bc 

Growmore 1.60c 

Grandasil D 1.33c 

Stevia Cultivars  

Kanada 8.60a 

Bogor 12.00a 

Tawangmangu 10.20a 

Garut  6.933a 

Pengalengan 15.67a 

Note: The numbers followed by different letters on the same line are significantly different in the Tukey HSD test at the level of α = 5%. 

 

Figure no 1: The average increase in the number of shoots based on the culture media treatment 
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Figure no 2: The Average Increase in the Number of Shoots Based on the Treatment of Stevia Cultivars 

 
 

The content of PGR in the media affects triggering the growth of explant shoots. BA that poured into 

the media can give a positive response by increasing the number of culture shoots. According to Sairkar et al., 

the media added with BA in a specific concentration could trigger the growth of shoots of stevia culture in MS 

media22. Other media such as Grandasi D and Growmore have a low response because the concentration of 
fertilizers used is so tiny that they cannot meet the needs of culture explants. A study conducted by Hasanah et 

al., reported that the use of a concentration of 1 g/l in Growmore and Grandasil D media in dendrobium orchid 

plantlets was considered less than optimal, and a concentration of 2 g/l gave a more significant response to 

plantlet development because it was related to nutritional adequacy23. 

The best response to the number of shoots in the stevia cultivar treatment in Table 2 was found in 

Pengalengan cultivars that were not significantly different in all cultivar treatments. The treatment of stevia 

cultivars showed that Pengalengan had more shoots than other cultivars. Pengalengan cultivars showed the best 

increase in the number of shoots at two weeks to 8 weeks (Figure 2). Based on the results of research conducted 

by Amien et al., that the growth response between the stevia cultivars tested (Bogor, Garut, and Tawangmangu) 

showed different responses to the same treatment in media24. The difference in response to the number of shoots 

is thought to be caused by existing genetic backgrounds. Genetic differences can cause varied responses even 
within the same plant species. Tiwari et al., stated that there were significant differences in response to the ten 

soybean cultivars on the tested culture media25. 

 

Shoot height of explants 

 

Table no 3: ANOVA of shoot height at 8 weeks after planting.    
Source DF Mean Square F P value 

Media (M) 4 163.377 12.819 0.0001** 
Stevia cultivars (K) 4 22.242 1.745 0,156ns 
M*K 16 18.225 1.430 0.168ns 
Replication (R) 2 4.06 0.319 0.729ns 
Error (E) 48 12.745   
Total 75    

Note: *: Significantly different at the level of α = 5% 

        **: Significantly different at the level of α = 1% 

         ns: Not significantly different at the level of α = 5% 

 

Shoot height is one of the important characteristics related to the growth and development of stevia 

culture. Based on results of the analysis of variance on Table 3, it shows that the treatment of culture media with 

very significant criteria (α = 1%) and does not differ significantly in stevia treatment cultivars, and there is no 

interaction between media and stevia cultivars. 

Table 4 shows that the DKW media gave the best response to shoot height (10.47 cm) and was 

significantly different from other treatments. DKW media gave the best response due to the higher nutrient 

content, including phosphorus (P). The P content in DKW media was higher than other media26. The nutrient P 

plays a vital role in the preparation of cell protoplasm that plays a role in forming energy (adenosine 
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triphosphate / ATP) in the process of photosynthesis 27. The nutrient P has an enzyme activator role that plays a 

role in cell and tissue metabolism28. 

 
Table no 4: The mean shoot height of explants (cm) in the treatment of media and cultivars at 8 weeks after 

planting.    
Media Height (cm) 

MS 6.67b 

DKW 10.47a 

AB Mix 4.03bc 

Growmore 2.58c 

Grandasil D 2.85c 

Stevia Cultivars  

Kanada 3.36a 

Bogor 5.85a 

Tawangmangu 6.15a 

Garut  4.94a 

Pengalengan 6.31a 

Note: The numbers followed by different letters on the same line are significantly different in the Tukey HSD test at the level of α = 5%. 

 

Number of Leaves 
Table no 5: ANOVA number of leaves at 8 weeks after planting.    

Source DF Mean Square F P value 

Media (M) 4 44629.433 15.797 0.0001** 
Stevia cultivars (K) 4 3280.733 1.161 0.340ns 
M*K 16 1890.167 0.669 0.809ns 
Replication (R) 2 1368.120 0.484 0.619ns 
Error (E) 48 2825.176   
Total 75    

Note: *: Significantly different at the level of α = 5% 

        **: Significantly different at the level of α = 1% 

         ns: Not significantly different at the level of α = 5% 

 

Leaves are important organs that play a role in the photosynthesis process to produce energy 

(Shipunov, 2020). Leaves play a role in the process of gas exchange and absorption of nutrients through the 

respiration process. Based on results of the analysis of variance on Table 5. it shows that the treatment of culture 

media with very significant criteria (α = 1%) and does not differ significantly in stevia treatment cultivars, and 

there is no interaction between media and stevia cultivars. 
The Tukey HSD test in Table 6 shows that the treatment of DKW media gave the highest leaf number 

response (136.60), which was significantly different from other media. Grandasil D media (6.40 leaves) showed 

the lowest leaf number response and was not significantly different in AB Mix (43.40) and Growmore (7.47) 

media. The treatment of stevia cultivars showed that the Pengalengan cultivar had the highest number of leaves 

(75.60), which was not significantly different from other cultivars. 

 

Table no 6: The mean number of leaves in the treatment of media types and stevia cultivars at 8 weeks after 

planting.    
Media No. Leaves 

MS 77.13b 

DKW 136.60a 

AB Mix 43.40bc 

Growmore 7.47c 

Grandasil D 6.40c 

Stevia Cultivars  

Kanada 44.60a 

Bogor 47.07a 

Tawangmangu 63.33a 

Garut  40.40a 

Pengalengan 75.60a 

Note: The numbers followed by different letters on the same line are significantly different in the Tukey HSD test at the level of α = 5%. 

 

DKW media has the highest number of leaves than other media, indicating that DKW media contains 

essential nutrients sufficient for the growth and development of culture explants, including leaf formation. The 

content of N and K in the media plays a role in forming new tissues, respiration, photosynthesis, transpiration, 

and other metabolic processes, so that explant growth is more optimal30. Besides, leaf formation is also 

influenced by genetic factors. According to Graham, the development of culture explants micropropagation in 

the micropropagation process is controlled by many factors, including genetic variation, presence of mutated 
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tissue, types and sources of explants, types of culture media, types and concentrations of PGR substance, 

microclimate, and duration of culture31. 

 

IV. Conclusion  
The best responses to the character number of shoots (28.9 shoots), shoot height (10.47 cm), and 

number of leaves (136.6 leaves) were obtained on DKW medium compared to MS, AB Mix, Grandasil D, and 

Growmore medium. The commercial fertilizer (AB Mix, Grandasil D, and Growmore) can be used as basic 

medium in vitro. All cultivar have same responses in number of shoots, shoot height, and number of leaves on 

all medium. 
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